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NATTIONAL ADVISORY COMMITTEE FORIAEBONAUTICS
TECENICAL NOTE NO. 1202

MEASUREMENTS OF THE PRESSURE DISTRIBUTION ON THE HORIZONTAL TAIL SURFACE
OF A TYPICAL PROPELLER-DRIVEN PURSUIT AIRPLANE IN FLIGHT
IT — THE EFFECT OF ANGLE OF SIDESLIP AND PROFELLER OFERATION

By Melvin Sedoff and Lawrence A. Clousing
SUMMARY

Measurements were made in sideslipping flight at a Mach nmumber of
0.50 of the pressure distribution over the horizontal tail surfeces of a
tractor-propeller-driven pursult slrplane, to determine the effects of an—
gle of eildeslip end propellier operation on the tail-load distribution,
Measurements were eleo made of the tail—-load distribution on the horizon—
tal tail in e'bead.y unaccelerated flight over e Mach number range of Q,30

conditions .

It 1s shown that the asymmetric taill loading resulits from a large
deorease in load on the blanketed tall and a small increase of losd on
the leeding teil. Although, in general, ths application of power at g
gpeed of 290 miles per hour results in an increaese in the positive asym—
metric loading over the sideslip—angle range, the effect is relatively
small as compared with that of sideslip angle. The asymmetric lcads and
torsiocnal mcments at low speede and zero angle of sideslip are small and
unimportant even with power on. At high speeds in sidesliipping flight,
the totel fuselsge torsilon may beccme criticel since the torsional moment
due to esymmetric tail lcading is in the same direction as that resulting
from vertical—tall loeds. Critical bending momente may occur in left
sldeslip on the left tail at moderate speeds and at the limit losd
factor 1f the computed up—loed dose not inoclude the increments in up—
load due to both propeller operation and angle of sideslip. ,The greater
negative total tell loads assoclated with an incresse in sideslip angle
may result in critical balancing down—loads at high speeds because of
the initially high down—locads ryequired to balance the airplane at zero
sideslip.

Ccmperison of the results with limit valuwes canputed on the basis
of current Army specifica.tiong indicated that the calculeted values of
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asyrmetric tall load and the resultant fuselage torzionsl pmement are con—
servative as compared with the experimental results for critical flight
conditions. The calculated root bending moment, however, may be uncon—
servative by as much as 25 percent as campared with the actual value

for critical fiight conditions, )

INTRODUCTION

Numerous structural faillures of the tail surfaces of high-speed
militery alrcraeft have occurred within recent years indicating a possi—
ble need for medifying the exlsting design specifications. In order to
determine in what respects existing requiremsnts were inadequate and to
provide data as a basgis for any revisions or modificatlons deemed neces—
gary, an extenslve tail-load investigation was conducted on a typlcal
tractor—propeller~driven pursult airplane, in flight, Pressure. distri-
bution measuremente were made on the horizontal tall in steady unacceler—
ated flight (Az = 1.0), steady accelerated flight, stesdy sideslips,
and ebrupt maneuvers. Reasults of the tests made in steady unaccelerated
and eteady accelersted flight are reported in reference l. This report,
the second of a seriles, presents the resultse cbtalned in steady sideslips,
(as measured in gradual dive pull—outs), and shows the changes in horizon—
tal—~tail loading that occur as & result of propeller operation and angle
of sideslip., The asymmetric load, the root bending moment, and the
torsional mcment, computed by the methods spe¢ified In the ¢uwxrrent Army
deslign requirements, are compared with the experimental values at critical
conditions. - .

SYMBOLS

The following sywbols are used in this report:
M free—etreem Mach number
Vy correct Indicated airspeed

- S
!1703[< 2 + l)o.aae - J.J%} , 'miles per hour
] o . -  Pe

H free—stream total pressure
P free—~stream static pregsure

Po standerd atmospheric pressure at sea level
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CNt

CMy

Cn

pressure altitude, feeot
W AZ
alrplane 11ft coefflcient (

average airplane welight during test run, pounds

the ratio of the net aerodynamic fcrce along the airplane Z—axis
(positive when directed upward) to the weight of the airplane

free—stream dynemic pressure, pounds per square foot
horizontel~surface area, mquaere feet
horizontal—taill span, feet

total air loed on horizontal tail (NtL + Nyp, positive when
loed 1s acting upwerd), pounds

asymmetric teil load (N.bL - NtR) , pounds

torsional mcment on fuseliage due to horizontal-tail loading
(positive when mcment is clockwise as seen fram rear),
pound—feet

root bending mcment (positive when mcment is clockwise as
seen from rear), foot—pounds

L}
toralcnal-moment coefficient (
cien Bibe

K
+taill normal—-force coefflclent (ﬁ)
root bendl nt fficient ( e )
e ng—-mcms coe c —_—
aStbt

gsectlon normal—force coefficient
local tail chord, feet
presgure on upper surface ; pounds per square foot

pressure on lower surface, pounds per square foot

resultant pressure ccefficilent (El'——c—lj,ﬂ-)
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Q " propeller torque, pound—feet
Qe propellsr—torqgue coefficient ( 8 >
QQD5
T propeller thrust, pounds
Tc
D propeller dismeter, feet -
(power on) {powsr. off)
- Z1 6y,
AC 'g 1
- C
M My My
(power on) {power off)
- S aC
A —_
%W Qc(power on) Qc(pcwer Off{}CL

Be elevator angle (positive when trailjng ‘edge 1s down) degrees
frem thrust axis '

B8 sideslip angle (positive when right-wing is forward), degrees

Subscripte

W wing

t horizontal tail

L left

R right . .

A asymnetric

DESCRIPTION OF ATRPLANE

The tost airplane is & single—engine, interceptor—pursult, low-wing
monoplene driven by a tractor propeller and equipped with a retractable
tricycle landing gear. Figures 1 and 2 are photographs of the airplane
as instrumented for the flight tests; figure 3 is & three-view drawing
of the airplene. Pertinent specifications of the horizontal tail sur—
faces are as follows:

(b4
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'@an,ft............;................13.0
Ares, 8G Tt o« o o o o o o o % s o o 4 s o s e e o o a4 v s o . . 1099
CA1rfoil sectlon . .+ s + + 4 4 o o o i - o » . NACA approx. 0010 ta 0006
' (fig. 4 of reference 1)

Stabilizer setting (relative to airplane thrust axis), deg. . . , . 2.25
Elevator area {(including 4.3 sq ft overhang balance), sq ft . . , 16,87

Nominel G8flectiOn o « 4 + o o = « o o o o o o o » » 35° up, 15° down
Dihedral angle, 68 . » + + o ¢ = o o o o s:s o o s+ o o » o s o o s+ O

Further detail specifications of the test alrplane may be cbtained fram

reference 1.
INSTRUMENTATTION AND PRECISION

A 60-cell pressurs racorder located In the rear sectlon of the fuse—
lage betweern. the oil tank and the baggege ccmpartment was used to measure
the resultent pressures over the horizontal tell et the locations glven
in teble I end shown in figure 4. The precision with which the pertinent
guantitles were believed to bPe measured in the tesis is indlcated in the
following ~teble: ' - ' B

Item . Estimated precision
Normel acceleration . ] t0.0Sg'
Elevator angls S " 0,50°
Sideslip angle +1,0°
Airspeed (to 200 mph) ié—g percent
(above 20C mph) . i 1% percent

Altitude I ¢ . %300 feat
Tall loed (low speeds,

unaccelerated flight) #50 pounds
(high speeds, scceler— |

ated flight) +#100 pourds
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The pressure—lag characteristics of typical horizontal tall lines were 1r—
vestigated, and i1t was found that the lag was negligible for the. rates of
pressure change encountered in this investigation., Other instrumentation
of the test airplane and the precision of the measurements were the same
as glven in reference 1.

FLIGHT PROGRAM

With normal rated power (39 in. Hg and 2600 rpm) at a pressure
altitude of 15,000 feet and at an indicated airspeed of 290 miles per
hour, runs were made at sidesllp sngles of approximately 0°, 5° left,
10° left, 5° right, and 10° right. All these tests were performed by
pulling out graduslly frcm a shallow dive while attempting to maintain
the sideslip angle requested. Tests were repeated, power off, with
the engins fully throttlsd and the propeller in high pitch.

Tests, which were made for obtaining data given in reference 1,
were aleo used for the present report. The teste ussed were those run
in steady unaccelerated flight wlth wings level, power on, full throtile
and 3000 rpm at a pressure sltitude of 15,000 feet and at indicated alr—
gpecds ranging from 170 to sbout 460 miles per hour. Tests were repeated,
power off, with the indicated airspesd varying fream 170 to sbout 430 miles
per hour.

Curves teken from reference 2 showing the varistion of brake horse—
power (as determined by reference to—ergine power.cherts) with pressure
altitude, and the varlation of propeller—blade angle and engine speed
wilth true asirspeed asre shown in figure 5 for the engine powsr settings
nsed for these teste.

All tests were made with the center of gravity looated at 30 3 per—
cent of the mean serodynasmic chord.

RESULTS AND DISCUSSION

Reduction of Data

Although the results presented in thls report -were obtained in gradu-—
al dive pull—outs, they are truvated as though obtained in steady celdeslips,
This is Telt to be Justified since the positive pitching accelerstions dur—
ing the pull-outs were small, and no consistent relationship was found he—
tween the scatter in the data and the magnituds of the negative piltching
accelerations obtained during recovery from the pull—outs,



NACA TN No, 1202 T

In the analysis of the data referred to in reference 1 and in the
subsequent discussion and analysis in this report, the term "steady un—
accelerated flight" denotes steady flight at a normal acceleration of 1g.
It is believed thet this use is Justified even at diving speeds because
the magnitude of pitching velocity necessary to result in a normal accel-
eration of lg was negligible. .

Chordwise and spanwise loading.— The resultant pressure coefficients
for each orifice station were plotted against tail chord for selected
time points during each test run to obtain the chordwlse distribution of
the teil load. Mechanical integration of the chordwise loading gave the
variation of load cnc across the taill span. . Same typical chordwise and

spanwise distributions are shown in figures 6 and 7. These figures pre—

sent the power—on and power—off pressure distributions, respectively, at

maximun left, zero, and maximum right sideslip angles for 1ift coefficients

of epproximstely 0.20 and 0.80. The effects of sideslip angle and power

an be readily seen by comparing corresponding distributions in figures
and T. ‘

Time histories of pertinent vaeriables.~ The normel~force coeffi-—
cients and root bending-moment coefficients for each side of the tail
were determined by integrating the spanwise distributions of cpc.

Selected time histories of these coefficilents and the derived asymmeitric—
load and torsicnal-moment coefficients are presented in figures 8 and 9.
Also included in these figures are time higtories of other pertinent
quantities such as elevator angle, sideslip angle, 1lift ceefficlent,
acceleration factor, and indicated airspeed, Figure 8 shows the power—

cn dete for runs in which sideslip angles of 12,3°, ~2,2°, and —6.4°

were attalned at the time thet the meximum narmal acceleration was reached.
The power—off data are presented in figure 9 for sideslip angles of 10.50,
0.7°%, and —12.0°., From figures 8 and 9, and similar figures not jncluded
in this report, most of the subsequent figures were derived.

Effect of Sideslip and Power on Tail Loads

Left— and right—tail loads.— At time points corresponding to lift
coefficients of 0.20, 0.40, 0.60, and 0.80 the values of left— and right—
tall normsl~force coefficlents were determined for each test rum and plob—
ted against the corresponding values of sideslip engle. (See fig, 10.)
There 1s conslderabls scatter of data presented in figure 10 and in & sub-
sequent figure similarly derived (fig. 18), especially for the power—off
deta at the higher 1lift coeffliclents, This probably results from the fact
that since same of the pull—outs were not made as gradually as others
(figs. 8 and 9), the accuracy with which the times were coordinated for
the different instrument records varied from run to run.
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"It is clearly seen in :figure 10 .that the leeding tail experilences
relatively small changes in nermel-force - cﬂefficient &s the sideslip
engle 1s lncreased, while ronsiderable decreases of load .on the blanketed
tail are noted. Since these vnsymmeirical changes of normal—force coeffi~
clent are similer for both.ths -power—on -end power—off conditions, it ap—
pears that chenges in air flow over the horizontal tail due to the yawed ’
fuselage and vertical tail are the principal factors affecting these
changes of load with sideslip.  An analysis of the leading-edge pressures
for the power—on and. powsr—off.ccnditicns 'showed the exlstence. of a strcng
ldcalized downwash fisld: exrtending over sbout 2 feet of span. At zéro
sldeslip angle this field was. centered approximately at the fuselage center
Iine and, as the sideslip angle wag increased in either direc%ion, moved
progresslvely outboard on the tralling taill. The location appeared t6 be
independent of both power and 1ift coefficient at the tost -speed, Bince
with increasing sideslip’ angle the downwash field moved ocutboard of. the
fuselage center line approximstely the seame amount for all -the test con—
ditions. Uhfortunately, the data were insufficient to-permit quantitative
application of thesé resuilts. A cross plot—of the values-in figure 1C
was made so that the power—on and power—off results could be more. readily
ccmpared. Figure 11, which resulted, shows the variation of left=and
right—-tail normal—force coeffisients with 1ift coefficient at paTetal an—
gles of sideslip. Althoagh the power effects are not large because of
the low values of trrust: ctefficient and torque coefficient (about 0.016-
and 0,008, reepectlvely, at an indicated speed of 290 mph); the application
of power reeulted ‘in-general, in higher poesitive load ooeffinients on the
left tail and. lowef positive va¢ues on the right tail- over the eideslip—
angle range tee*ed =muw«- - A T N

vy
N

Total tail loads. The variabion with sideslip angle of the total
taill normael-force coefficilent presented in figure 12 was obtained by -
combining - the left end vight normal—force. caefficients shown in. figure .
10. The decrease-in the ‘value of - Cmf indicates mn increese in the

nose—down pitching mcment of the airplane without tall aeg the sideslip
angle was increased in elther dirsction.

The date in figure 1%{a) of reference 1 showed a trend toward critical
balancing down~loads on the tail at high Mach numbers, and the deta of this
report (fig. 12) indicate that incroasing dowvn—lcads for balance were Ye—
duired as the sideslip argle was increaped. Therefere, the veriaticn: of
total tail lced with sideslip angle at several values of 1ift cpefficlent
for steedy unaccelerated flight (Az 1.0) ‘was determined by ccmbinlng
. these date, The validity of the curves is based on the assumption -that
the slope of the cuxrve, of pitching—moment coefficient versus sideslip

angle for the test airplans with tail off dces not change 'with Mach nmumber,
The three .curves in figure 13 are given for the highest power—on - ‘and power—
off test speeds in veference 1 (Vi = #63 mph; Cp = 0, 069, Vi =428 mph;
Ct, = 0.080, respectively) ‘and for the test speed at which gldeslip data
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were obtained (Vi = 290 mph; OL = 0.171). The date for the highest

speed (M = 0.79; CL = 0.069) in figure 13 indicate that asbout 850
pounds greater down—load is required for balance at either 10° left or
right sideslip than at zerc sideslip. .

Asymmetric loads.— The faired curvés presented in figure 10 wers

combined in figure 14 to give the variation of asymmetric~load coeffi~
cient with sideslip angle at two values of 1ift coefficient. As sxpected,
at zero angle of sideslip, the power—on asymmetric~load coefficlents were
more positive than the power—off coefficients. The difference between
power—on and power—off coefficients, however, tended to decrease with
increasing sideslip, pasrticulaerly at lerge angles of right sideslip.
Figure 14 also shows that the highest asymmetric—lcad coefficients were
cbtelned at the lower values of lift ccefficient more 50 in right than
in left sideslip.

The variation of asymmetric—lcad coefficient with 1Lift coefficient
in steady unaccelerated flight (fig. 15), and the variation with indicated
airspeed of asymmetric loed (fig. 16) were derived frcm the data ccmpiled
in reference 1. These figures show that there was a decrease in asym—
metric load with speed corresponding to a decrease in power effects
(slipstream rotation) up to en indicated airspeed of about 380 miles per
hour (QL 0.10). At higher speeds the dgsymmetric loads increased rap—
141y indicating that other factors besides power were affecting the taile
load asymmetry.

The variation of asymmetric loads with sideslip angle for seversl
values of 1ift coefficient in steady unaccelerated flight, as shown in
figure 17, was determined from the power—on date in figures 14 and 15.
The use of curve for Cp, = 0.20 in figure 1k at higher speeds is based

on the assumptions that (1) Mach number effects on the slope of the
cNtA versus B curve were negligible and (2) C1, and power Lad no

apprecieble effect on the slope of the CNtA versus B curve at level

flight speeds higher than that corresponding to CL = 0.20, The date of

reference 3 showed the latter assumption was Justified. In figure 17 it .
is shown that the maximum asymmetric loed will occur at high speeds and
in left sideslip. The asymmetric loads at low speeds (Cy = 0.171 and

higher) are relatively small and unimportant.

. Effect of Sideslip and Power on Tall Moments ) '

Tail root bending mcoments.— The variation of the left~ and right~tail
root bending-mcment ccefficients with sideslip angle was determined for
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geveral values of lift coefficient and is presented in figure 18, Corre-—
sponding to similar veriatiocns in normal—force ccefficient, the data

show that as the sideslip angle was increased marked changes in tall load-—
ing occurred only for the blanketed side of the tail, whlle the leadlng
tall experienced only a slight increase In root bendlng mcment. The
right—tail root bending mcments, however, staerted to decrease at angles

of right sideslip above about 5°, particularly for the power—off con—
dition.

A cross plot of figure 18 showing the variation of left— and right—
tell root bending-moment coefficients with 1ift coefficlent for several
angles of sideslip is presented as filgure 19. In generel, the effect
of power was to increase the left—tall moments and decrease the right—
tall moments except in the case of the blanketed tail at high sideslip
angles where the power effects dlsappeared or reversed.

Faired curves in figure 20, which show the varlation of lateral
center of preseure on the horilzontal tall wilth slde—sllp angle, warse
obtained by ccmbining the curves of figures 10 and 18 for a 1ift coeffi-
clent of 0.80. For positlve loads on the tail there was a tendency for
the center of pressure to move outbocard as the lift coefficlent was de—
creased; nevertheless, this was not consldersed 'a criticel trend toward
maximum bending momerits, since the tail loads would not be a maximum
for the same condltlcns for which the center—of-pressure distance was a
maximum. Figure 20 shows that as the sldeslip angle was increased, the
center of pressure moved inboard cn the blanketed tail while it remained
practlcally constent on the leading teil. Therefore, at high angles of
sldeslip, greater bending moments than those predilcted assuming symmet—
rical lceding may be experienced by the leadlng tall due to the 1ncreasei'
loads.

Fuselage torsioral mcments.— The variatlion of fuselage torsional—
mcment coefficient with sideslip angle for two values of 1ift coeffl-
ciont (fig. 21) was obtained by ccmbining the values of left~ arnd right—
tall root bending-mcment coefflcients in figure 18. It 1s shown tkat
the effect of power was to inocrease tha pcsitive torsional moment at ell
except the highest sngles of right sideslip. It is apparent that chang—
ing C1, in the constant—speed accelerated flight had no appraciable

The torsionsl-moment coefficients for severel valuss of 11ft coeffi—
clent In steady unaccelsrated flight in flgure 22 and the variaticn of
torsional moment with indicated speed In steady unaccelerated flight in
figure 23 were derived frcm the data of reference 1. As previously
noted fcr the asymmetric loads, power.effecte, which resulted in posi—
tive torsional mcments, diminlshed with Increasing speed up to a speed
of about 380 miles per hour (Cr, = 0.10)}. Above 380 miles per hour,

the torsional mcments became more positive with increasing speed more so
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with power on than with power off. Figure 24 shows that the torsional
mcment and asymmetric—load coefficients were proportional meinly to
power (slipstreem rotation) up to spesds corresponding to a A4AQe of

about 0.010. At higher speeds, powsr resulted in only secondery effects
on CMT and CNtA'

Frcm the power—on data glven in figures 21 and 22, the variation of
torsional mcment with sideslip angle for several values of 1ift coeffi-
clent in steady unaccelerated flight waes cobtained. Although the slcpes
of the curves in figure 21 are for a Tec of about 0,016, their use at
higher speeds (and lower To's) does not enteil appreciable error be~
cause of the relatively esmall changes in T; and Q¢ at speeds higher
than 290 miles per hour. The results presented In figure 25 show that
the maxlimum fuselage torsional momsnt will occur during a high-speed
pull—out when sppreciable sideslip may be inadvertently developed. The
torsional moments at indicated speods of 290 miles per hour or lower
(CL, 2 0.171) are relatively small end unimportent. .

Compariscn of the Calculated Lcading with Experimental Resultse

Current Army design specifications require that, "the horizontal
tall surfaces, attachment fittings, and cerry—through structure shall be
desligned for an unsymmetrical lcad condition where the load on cne side
is the maximum load for that side obtalned from any ccnditicn while the
load on the other silde is the lcad frcm the foregoing condition multiplied

’

n !

by the factor 1l - —E— where n 1s the 1limit meneuvering loed factor
. 7.

for which the alrplene is designed." The condition for which maximum
lcads would be experienced wes determined froem reference 4 wkere it was
shown thkat the maximum mareuvering loed (an up—load) would be encountered
at sea level and at a spesd corresponding to the uppor left—hand corner

of the V—g diagram (about 29C miles per hcur for the test alrplene) and
with the center of gravity located at the stick—flzed neutral point. _
For this report, however, the maximum maneuvering tall load was calculated
far sn altitude of 15,000 feet and for the test center—of—gravity positicn
of 30.3 percent of the meen sercdynamic chord. This was done to provide

a ccneistent basis for ccompariscn with the experimental results. Frcm
reference 4 1t was found that these deviaticms from the specifications
result In less than a 1lO0-rercent dscrease in the maximum computed maneu—
vering tail load. Assuming an elevator moticn (fig. 26), the maximum
tail-load increment frcm zero load factor was determined by the method

of reference 5. An increment of teil lcad of 5120 pounds was obtalned
correspending to a change in load (acceleration) factor of 7.25. Since
the calculated balancing teil lcad at 290 miles per hour is -362 pounds
(reference 1), the 1imit tall lced for the ccnditicn investigated is
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4758 pounds, end the limit asymmetric tail,ioad is 2379 pcunds (:E%;§>.

The limit root bending moment of 68LO foot~pounds and torsional moment
of 6840 pound—feet were obtained by multiplying one~half the maximum
load by the calculated lateral distence to the center of pressure of
2.875 feet.

The 1imit velues of asymmetric loed, root bending moment, and fuse-—
lage torslonal moment are campared with experimental values for several
conditions in table II, These conditicns were chosen to bracket the
maximum possible asymmetric loading cbtainable in flight for the test
alrplane, The procedure used to. evaluate the experimental values of
asymmetric loed, root bending ‘mement and’ fuselage torsional mament for
comparison with the limit values is outlined in the appendix. It shomld
be noted sgain that the validity of the wvalues of asymmstric load and
torsionel mcment speeds higher than 290 miles per hour depends on the
assumption that there is no change in slope of the CNtA versus [ and

CMp versus B curves with Mach number.

Although the teble shows’ that the limit asymmetric loced and fuselage
torsional moment are conservative as ccmpered with the maximum experi—
mental values, the design root bending moment underestimates the actual
value on the left tail by almost 25 percent as the calculated center of
Yressure is inboard of the actual value, and the limit load is less than
the experimental load on the left tail.

CONCLUSIONS

- Frcm en analysis of the horizontal tail loading cbtained in several
cconditicns of flight on a trector—propeller-driven pursuit airplane and
“from a comparison of the experimental regults with limit values ccmputed
on the basis of current Army specifications, several concélusions may be
drawn. Although based on results obtained on a specific test glrplane,

' these conclusions which follow are believed to be gqualitatively appli-
cable to alrplanes of the same general configuration as the test airplane.

1. The chenges in horizomtal tail Loading due to sideslip arise
from a large decrease in lcad and bending moment on the blanketed tail
and a small increase of lcad and bending moment on the lesding tail.

These changes are relatively independent of power and 1lift coefficient
at speeds of about 290 miles per hour.

2. The asymmsetric lcads and torsionsal moments at low speeds and
zero angle of sideslip are unimportant even with power on.
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3. For large angles of sldeslip at high speeds, the total fueelsgo
torsion mey became critical since the torslonsl moment due to asymretrio
tail lbsds 1s in the some direction as that resulting frem vertical-—-teil
loaids. :

L. Critical bending maments may cccur on the left tail in left
sideslip at moderate speeds and at the 1imit loed fector (upper left~hard
ccrner of the V-g diagrem) .if the limit up—Jloasd on the left tail does not
include the increments in load due to both the asymmetrlc lcad sxisting
at zero sideslip and that dus to an incresse in sideslip angle. (For
the test airplane, the lateral center of pressure remained practically
constant on the leading tail and moved inbeard on the trailing tail with
an inprease in sideslip argle.)

5. Oritical balancing down—loads on the tail may cccur at high
speeds in sldeslipping wnaccelersted flight becauss the incwements of
negatliveo total tail load with sideslip angle add to the initially high
down—locads reguired +to balance the airplane at zero sideslip.

6. The calculated values of asymmetric tail loed and fuselage
torslongl mcment due to asymmetslc ®ail lcading are conservatlve as ccm—
pared wltk the experimentel values for criticael filight conditions,

T. The calculstsd root bernding mcment may be unconservative by as
much as 25 percent as ccmpa.red. wlth -the actual valuo for critlcal flight
conditions.

Ames Aercnsuticasl Laborsatory,
Naticnal Advisory Cammittee for Aeronautics,
Moffett Fleld, Calif., October 1946,

APPENDIX

Evaluation of Filght Loads for Varicus Conditlons

Asymmetric loads.— The asymmetric loads in steady unaccelerated
Tlight for values of Cp of O.1l71 and 0.069 were taken directly from

figure 17 of this report. In order to determins the asymmetric load for
€L =12.25 (Vi = 290 mph) and B = —10° in accelerated flight (Az = T7.3)

it was necessary to use the CNy, versus B8 curve f_'or a CL of 0,80 in

figure 1k since no data were obtained at much higher values of Cf. The
use of this curve was Justified as the awvaileble data showed relatively
emall changes of CNtA with Cr, The difference in Ny, of 343 pounds

corvesponding to s difference in cNtA of ©.40 between 0° and ~10° side—
slip was edded to the asymmetric load at zero sidsslip (435 1v from fig.
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29 of reference 1) resulting in an asymmetric lcad of 778 pounds for the
condition ccngidered. In an snalogous marner, tho ssymmetrilc loads for
Cr, = 0.51 (Vi = 463 mph) at B = —5° and -10° were cbtained by adding
the difference in Nty corresponding to a difference in Cqu between

0° and —50, and 0° and "100, respectively, for an interpolated Cj of

0.51 in figure 14 to the asymmetric load at zero sideslip obtained from
figure 29 of reference 1. There isldbpained

Ny = 545 4 840 = 1385 pounds
AcL=o.51>
.‘3:_50,
and
Ny = 1075 + 840 = 1915 pounds
A(?L = 0.51°
B = —100)

Root bending moment.— The root bending mcment in steady unacceler—
ated flight at 290 miles per hour and —10° sideslip was determined frcm
the value of CMrL glven in the power—on curve for Cr = 0.2 in figure

18. The first step in obtaining the bending mement for Cr = 1.25

(V4 = 290 mph; Az = 7.33) and B = -10° was to determine the left—tail
load corresponding to these conditions. (The left tail 1s ussd since

it experiences the higher load in left sideslip.) The calculated load
of 4758 pounds was assumed for the experimental total tall load at zero
sldesllp, since experimental. data for simllasr ccenditicns were not avail—
sble. The asymmetric load of 435 pounds cbtained from figure 29 of
reference 1 wes apporticned symmetricelly over sach side of the tall;
that 1s, the left—tail load was increased by 218 pounds and the right—
tall load reduvuced by a like asmount. Applylng this dlssymmetry to the

L4758
L4758 pounds, there is obtained a load of —%?— + 218 = 2597 pounds on

the left tail at-zero sideslip. From the power—on CNtL versus B

curve for Cr, = 0.80 (assuming, as before, wmimportant changes frcm
Cr, = 0.80 to Cr = 1.25) in figure 10, an increase in CNtL of 0,013

from.0° to —10° sideslip was cobtained corresponding to an incresse in
left—tall load of 111 pounds. Therefore, the left—tail locad for the
condition investigated is 2597 + 111 = 2708 pounds. Multiplying this
value by the lateral center of pressure at B = -109 (3.24 ft from fig.
20) gives a root bending moment of 8770 Poot—pounds.
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Torsional mcments.— The torsional moments in steady unaccelerated
flight for values of Cj of 0.171 and 0.C69 were obtalned directly

frcm figure 25. In a manner similar to that used for determining the
asymmetric loads, the fuselage torsional mcments for Cp = 1.25 (V4 =

260 mph; Ay, = T.33) were derived frcm figure 21 of this report and f:_L_g- L

ure 30 of reference l.
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Fig.

Figure 1.- Three-quarter rear view of test alrplane.
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Figure 2.~ Top view of test alrplane as instrumented for
flight tests.
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Fig. 86 NACA TN No. 1202
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